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&N HNBFEL ALERF, LETEAARERFAMAHE EFET, 1997 £ # 5
EMAFATEAFHBREFRORF L FM 2003 F KA LFM,2010F £ LEXBAFE
FRAM L FML.2009 2R K Ludwig BEFHAFOHFEFH. REFEREREEF 20
SIRMEAZR KZAMEREIRD2ZR (FELEMMEI)FEERZ. KENEFTHR
MRE W A TRAEFREREET RELSN L ENF RE AR BTT LB, EKFWRERBE
MEEBFATEOANGCEERLEBERALKRETEENTHERBER G KM G®
o EREXEARFEL I M LERBAFEIRXEL 1T, UE - FEHABGEL H
NEKFARX20E4R, CRFRLTF6H.

(3 ] JEfEAH IS 4E 4 i (cancer-associated fibroblasts , CAFs) /& I i A 15 v i = & A e B I A il o0 2 — MUK
96 0 R AP B SR, T {1 T B A IR R A R R T TR G DB FH o CAF's /& — 288 1 5 3 5 R S5 i 128 A 2 % ) 7 o 400
F AL RN [ R B AN T 6 0 40 B 7 30, At 0 57 5 P PR gy T LRI T A o A SC 1R CAFs SRR R AR Th BEAH S 1 57 5
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Heterogeneity of cancer-associated fibroblast and its application in targeted
therapy
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University, Shanghai 200233, China)

[Abstract] Cancer-associated fibroblasts (CAFs) are one of the most abundant and critical components in tumor microenvironment,
which not only provide physical support for tumor cells, but also play a key role in promoting or delaying tumor occurrence and
development. CAFs are a highly abundant and heterogeneous mesenchymal cell line, which contain a large number of cell subsets with
different phenotypes and functions. Targeted therapies for CAFs also emerge as demanded. In order to improve the understanding of
CAFs in malignant tumors, we elucidate the heterogeneity of CAFs origins, phenotypes and related functions, as well as the research
progress of their application in targeted therapy.
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Jite Jeg 18] o R E — B E N R AT E L, R
KRR 4T ¢ 48 f R 2 & B 1 (fibroblast-specific
protein 1,FSP1) . # %& & (vimentin, VIM) .o—-F
7 AL AL 31 & G (alpha smooth muscle actin,
a—SMA) . & £F 4 40 i vE b & & a(fibroblast
activation protein a,FAPq) . M/ MRAT A &K EF
Z K (platelet—derived growth factor receptor,
PDGFROF £ FH , MmN £ K, L2 5 # R iEIT K
A K, W KB IE M X KA % 9 B (cancer-
associated fibroblasts, CAFs)™. CAFs & A %4~
52K R B JE % PR 3 (tumor microenvironment,

TME) W B B R B o, A A R R EAM W 50R ™
U4k, R R 40 A AL T (single cell RNA
sequencing, scRNA-seq) & # A B9 #F % FAXIE 52 T
CAFs T #2, T B R HL e e R A A B 245 2, BT H
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RS RN, R0 N &M B HHH, AT £
bR AR K 3 BB B XS TME AR AE RN BT 5,
ETH TR ERTHERER G HE, H 4
Xf CAF's By B2 5] V6 /7 K5 2 Pt JB A VB V6 /7 B9 B 4 R
. ST TEERRIEAMSET B, 5 ELKR.
T B Fu b 4 % REAE T & ,CAFs B9 R LI ¥ 44 9F B
TRAARZEAFSHHEXZRRA, FRRAFE
HICAFs TR Tt e M UK ERE TG, &
XCE R 8 i B R0 A CAFs B A2 R | &k B o o B SR
WM, LR AR IEST R R R R SR, U
e 8 1t & M BE o CAFs By IL IR,

1 CAFsEKERNFRM

CAFs IR b & 45 7 [6] B R &1 26 20 Fa A 20
REBERR, RETRABWERI@BE" ", REL
] ¥ GE € T CAFs BEIR By ¢ it , #E T B L & A
Anzh ek o
1.1 EF A Emin 2 CAFs £ &% R

KB R AL ST B I R AT 4 4 A T AL
# CAFs. K HARIT/DRILEBEER B oR, B 3 Ak 4
R CAFstN E EREY, EATNEREAL 4
FRT EMALIAY, Wob, B LB R 2R 4 f A
JF B 40 B = R IR A RFJE o B0 T R AT 4B, &
s 5 R a-SMA, T k15 5 AR 12 2 AR XML
KT 4 G R R AL
1.2 % L # 1] Ji 4 L (epithelial to mesenchymal
transition, EMT) &9 J& 28 fitL & R

RHIM % "3 3 1K Py 1 % 18 BR 2| e RO 47 B W) LA
& & EMT T 3573 8] 78 R & A, 5F B & 4 EMT J5 89 3 4
R B Bh TR AR 7, 3R AR CD24°CDA4" T 4 L R AL 1y
BEREARERZF N NBRBRFFE. SLEES
B AL FT DL R I R AT R AR AL, A A LR A
FIL R £ 4 20 LB BE 1™ o SR T, EMT SR IR 2 647 77 72
%1, WESTCOTT "™k A, EZ 2 I B+ A EME
40K A R B LR 2R AS, T8 4 O R A
HIES Jf3L ENT J5 2% AR 8] Ji 28 B
1.3 B RaATA 8918 7% T 48 it (bone marrow-derived
mesenchymal stem cell, BM-MSC) & /&

E—TERA R, B E R &L 20%
B 0o—SMA'CAFs & B BM-MSC. & 875 . FLIRE . R IR &
Fn B 8 & o AR S Ao 4K PR BRI 58 U 0 E BR , BM-MSC
T K B HICAFs. 2 3 78 SLIRE o iF 91 7%
%k JE CAFs 1K & £ PDGFRa, 3+ H & fk L A B T & %
1% PDGFR a B9 CAFs, iX & 9 & A fu ofy g6 5 U P 72 A%
A2 b AT DL CAFs By sk R s 2 17,

1.4 325404269 3 fb tm B R R

ENVE S A BEARF %I o9 £ 40 g K B A
o[ LR A CAFs Wy 3k IR , 1x 46 40 e /L 45 Jig JiF 28 M
W 28 B AR B fa RS JRLZE AR PO B SR B T T BT
Ji 3 1t (endothelial to mesenchymal transition,
EndMD) % CAFs™. A KB ARMT £ T HHK
(human adipose tissue derived stem cells,
hASCs) 5 FL AR & 48 f A AR, £ L £ K H F-pl1
(transforming growth factor—-betal, TGF-B1) &
¥6 T, A B9 hASCs 2 4 L CAFs # R &, ik ik a-
SMA Fa fjLf# & & C (tenascin—C, TNC) "',

2 NEISEAREF CAFs RERF Rt

2.1 REIFJER CAFs 89 F (& 1)

2.1.1 JEMJE OHLUNDZ™ 333 3D 33E s W2 3 AR
S EME (pancreatic ductal adenocarcinoma, PDAC)
P4 CAFs B9 % 18] S UM , 5 i 963 2 Pl B B2 B fk 19 CAF's &
1k a-SMA, B 4 AL B 4F 4 CAFs (myofibroblastic
CAFs,myCAFs)., myCAFs i B & it 5%, FiE T
S8 WA 5 FibJE 40 B AR 1 R 5 T 220 5 % 40 BLEN CAF's
&L a-SMA, B F 2 BB X4 E T, %N
K JE M CAFs(inflammatory CAFs,iCAFs). ELYADA %™V
F| A scRNA-seq #,3E 52 T PDAC # myCAFs #1 iCAFs ¢ %
L, HEXT eV EEAFE, Wb, FELER
T —F# A B3R 1% 2 CAFs T ## (antigen—presenting
CAFs,apCAFs) , #4552 36 5% B apCAFs REF 1 R 4% B %
CD4" T 40 A, 7 %[ & VA 7 JR AR B9 %% L o

2.1.2 FLMRJE COSTA %™ {£ | 6 4> CAFs 4% &
(CD29.FSP1.FAP. a-SMA . PDGFRP 7 CAV1) 4T 48 A it =X,
R 4%, 38 5L % VR 89 CAFs 4 4 4 - J4 45 B CAFs T
B (S1~S4) . CAFs-S1 A1 CAFs—S4 X 7 /™ T B 4 & %
ik a-SMA, 1€ & R & CAFs-S1 & F&ikFAP, H# CAFs-S1
R T VA AR AE, X B AR T DL 2 Tk
B, 20 i B S J% 40 R 50 Ao 9B 7 R, AR G 0 R R R
EH LA, EANCAFs T R FEE S
UM . BARTOSCHEK %™ % 51, i 8 2t & B #A B B g /I
U A AT scRNA-seq, #. 7% € 7 CAFs By 4 M LA, 2
A By i1 % CAFs (vCAFs) . # it CAFs (mCAFs) ., 4 fg &
# CAFs (cCAFs) #1 % & CAFs (dCAFs) , E{1& A H =
6] F0 3 RE B9 5 R M. vCAFs L B 2B T % A B
BEE R R R R KGN A
il cCAFs A& 34 78 14 vCAFs #9 — ¥ 4 ;mCAFs £ E % &
B ALY R AT R, KB R 1k %% #4IE F CXCL14,
PO E A RIS %% KRB 1E A dCAFs ¥ &
R IETEMT B9 % M b 2 20 A

2.1.3 L FEE £ 0 BESRAEE (oral
squamous cell carcinoma, 0SCC) =, COSTEA %™ |



b

=IAE, S5 . e AEAH 5% BT 2 A0 I A 57 O Ak % AR SR i T R A B

+ 1321 -

R 2 48 AR 7 3 A g % 440 9 A DU B AL AR
#t 0SCC 48 1 12 %% ¥ CAFs 2 A : CAFs-N #1 CAFs—D.,
# CAFs-N B3R £ & 4 3k & B it 8. 19 15 3 1 &
oF Y 2 i, FHL BT 3% B ROBR B9 & AR, & #1 %) CAFs—N
Hy 3T %, ¥F T B 55 AE 4R 0SCC 40 ff 89 12 2 T fE
A8 R, CAFs—D ¥ # B35 2 B i &F 4 0 L3 20, & Ak
9 TGF-B1 A F %% & ; TGF-B1 1~ & 7| ¥ CAFs-D iT #,
BE435 THARK K 4 M HE 2 fENT 47 £ £
Wi & 3A . M4, PATEL %™ 3E 3 i R 40 g A &
0SCC # % & W B A~ & 35 1~ Bl /K F a—SMA # CAFs
T # , Bl 0—SMA (CAFs—C1) #7 0—SMA"(CAFs—C2) . 5
CAFs—C2 T 41 48 ., CAFs—C1 3 3% % 3 BMP4 8 i & 4
FeL 38 78 S ) O RSB B R B R BT

2.1.4 JFE AT & EFHIX 5 CAFs £ i 40 fe &
(hepatocellular carcinoma,HCC) # 3 3% F w9 & A
fEMFESE, T L FEREANFEHNCCER T 48
I R o A R, U 1A R I E AR LR AT 4
M & A, & 3& a—SMA.FAP.VIM.FSP-1.PDGFRs £ fiX J&
lo™, H 3% % B # 89 CAFs #7547, BT A3 & B &
M LR R EE e ERRE . flin, LI F* R
I, M HCC 4L 42 ¥ 4 B B CAF's Z % a—SMA Fn VIM, 1€
% 1k CD31 2 CD68; LAU 4 & F 4, % %% St fu i & 40
LA & FLHCC A8 5 By AT 4E 40 3R 34 - SMA F FAP, B A<
FILCD.FREGUAFP A AZE. BEHREEN
=, NFTEEHCC L & 4 B B9 CAFs R L W 8] &
BT LR A, RN TV g 1 7R

2.1.5 BEWHirE REIGF-BEEMKIL,L
G scRNA-seq £ E T AREEMMEFTHHA
A CAFs T ## : 2 % CAFs—A % 3£ MMP2.DCN £2 COLIA2;
CAFs—B % i& a~SMA. TAGLN #7 PDGFA. CAFs-A 7] ¢ X
F IF % R 4T 4 20 B Fn CAFs-B Z 8] By o IR 4%, B0
T B2 M T B9 CAFs &, Asporin & — # CAFs 47 &
4, 1 3T B E RACL 1R ¥ B & 48 i fn CAFs B9 1 ] 1%
200 T SLIR JE CAFs By Asporin i 3T 417 % J& 26
B HY TGF-B & &2 A EMT 1 X AP B M &6 A, 3F B
Asporin E AL EERF N E KL SIIRERE
EHEHTEMAXRS., BAMEFENERRBRT
CAFs L B£ T gE 6 £ #E 1, XA~ F ¥ #£ 1~ [7] 9 CAF's
TR R EAENER

2.1.6 fig ME—NEFNEE, LPRT4EHA
M5 % E% e A X o R scRNA-Seq & A #£
INRBRER P EET 5N RTEMBIT R, EAEMN
fili 45 2 T 6 T AF, B4 — AT & 5k 35 PDGFRB B9 4
ek EAD, PDGFRa Bh & Rk 5 3E /N
JFi R AT MY FLJE AE K, T PDGFRP B4 & &k 34 *F

MEBHFMEANRTARNEH, ETxLLHA,
% J& ¥ PDGFRs 1 4 3 /N 20 FiL it /88 0996 07 88 B B, &
FEdEH /N0, HOSHINO & ™4 #% = T podoplanin’ &
SFEmA e TAF, RIET &SRS EMM, 7R
RN R . RITAH RN, % CAFs F
podoplanin By & 3£ ¥ TN i B F 89 R E TG

BIACAFs R A b & 57 A, & R AT 4 40 B AT
B R AR A5, £ 7 F 89 CAFs T #F 2 8]
A EEATA % Rk a-SMA.VIM.FSP1 #1FAP(ZR D
REAR, B’A — 2 — A AR E W LR KR A
CAFs %, =L b, 3T HIE W 3, & CAFs LA A
WrH fm, Feb g P E BT %R B — A A B B AT
FH. FEMA LB R ENG 4 WA RS, 3T & 7 CAFs
B AE BT RE B TR RN R, % 77 52 FL CAFs 4 & M AR
A, DLRR & T R R AT 38 EE
22 R AKAEEAS I P CAFs 89 F 1k

i 11 f# Fl scRNA-seq. 1§ % 18 BR UL A 4 M 4 i
RAnG L #EERANH R, ECAFs RAGF 3| T #
— SR, E — BT ERA AR R T E AT
A A 4 77, P LB B — BB A R BE
A7) B CAFs T2 #F . {E [F] B 4 F Ak R M £ WYIE 98 &
B B PR R R A B CAFs W F EH B &

OHLUND™" % 4 7| 78 PDAC #9 J& % Fn #6 B 1 & 10 8
FRICAFs FT 4 WeHy s fL B F 1], 5 R A ARt , %
1 # # CAFs A~ &k 3A LIF A2 IL-11, %X i B CAFs 4 B
HEBERRBME. N8HIFLRE W R # %3
Yo% T CAFs, 345 5 5 R & M4 fif 8 19 CAFs #HAT HL 3K,
ARz FERATNEZTHEZR, THEHAXE
A0 IGF2 fE #£ #% 4 CAFs F g R A8 i, H &£ H 4
CAFs B H B my 2 2 1 % & 306 4 Fu g 25 14
2.3 CAFs L2468k

CAFs H¥F £ L&, Exf o[ By T AR D
BUfE CAFs A & B R thfe & i, (B R 4l iy &
W3k 15 5 W] &6 B B %0 CAFs 4 ub 7 B 89 28 fL 1 7,
N FHCAFs R TRETHR —#, A ET
B, G R E R T R IR A A R A L, B R A B
B R, OHLUNDE ™ AR EF S EWHANE
J5 #1 CAFs T & (myCAFs #1 iCAFs) B H sh & B & 4
1E ,myCAFs 7] LA % 4 % iCAFs, R Z 7 4%, SA T P45 %
L6 20 R RS T R F B R B AL R B — P A
%o [E B, ELYADA %"V 52, apCAFs £ ¥ 7 9 7] 41,
A myCAFs. ## f1& ®IA K, % I K677 £ ¥ F| A
CAFs By = # P&, — 77 8 1l 7 ¥ J&  CAFs 9 V& 1 77 —
7 T 7] .18 J& #9 CAF's #% 1k, 4 41 98 9 CAFs.,
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F1 T[ESARBIEIE) CAFs IR Bt
i CAFs I # KA F b7/ %2 SCHR
idioE) myCAFS ACTA2, VIM i % 40k 5 B 40 i AR B 1E R [20-21]
iCAFs IL-6, IL11 Lﬁ% W AR K 4 i
myCAFS ACTA2, TAGLN TREE
iCAFs IL-6, CXCL12 TREE
apCAFs CD74, H2-Abl MERESTHMNR, 55 %5
JLIRE CAFs-S1 FAP, ACTA2 WG| T % MR BT oz 04 [22-23]
CAFs-S2 CD29, FSP1 TRERE
CAFs-S3 FSP1, PDGFRB TRER
CAFs-S4 CD29, ACTA2 TRERE
vCAFs FAP, ACTA2, Notch3 CONi Y
mCAFs FAP, ACTA2, PDGFRA F ik kL E T CXCL14, 5 5 fe g 0%
cCAFs FAP, ACTA2 TREE
dCAFs FAP, ACTA2, SCRG1 SRUFRT EMT 89 % & 40 g
LH CAFs-N CXCL12, NR2F1 & 4 Wi A R [24-25]
CAFs-D NRP2, PAX3 & AR B AKCF B TGF-BI
CAFs-Cl1 a-SMA" TREE
CAFs-C2 a-SMA* A 7 BMP4 DL 45 3 78 5H 40 ) 0 B 40
BB R EHT
i TRERE a-SMA, FAP, vimentin AR R R A B A [27-29]
BB TE ATAE R RN R E R
TREE a-SMA, FAP 545 Fn 38 58 HCC 40 A 8 T 48 Bl A 1
TREE CD90", CD73", CD105",CD29", 4 & 4 #|: 55 NK 48 i 9 48 i & 1
CD44', CD166";
CD34, CD31°, CD45", HLA-DR
EH W CAFs-A MMP2, DCN, COLIA2 IF % R 47 4 20 B9 Fn CAFs-B Z [8] 89 F [ [4]
A, RF R H CAF T A
CAFs-B a-SMA, TAGLN, PDGFA Xﬁ%%
CR: TRERE Asporin 1 7E RACT 1R 4 & & 41 it fo CAFs i 1 [30]
H&%
i TREE PDGFRa g #F [32-34]
TRER PDGFRB R

TRERE Podoplanin

R R B BT B TR A A R BB

3 CAFsIhgeBI R

3.1 CAFs #9485% o fig
3.1.1 RFFRFIE A KA  CAFs i 3T JL AR AL #l
R R A K fn % (1DCAFs BT 2 0 K B F
EEFSBRAMEA, EFEXEFLNEES WS
&K H F A4 p B F (e CXCL12. CCL7. TGF-B.
FGFs \HGF \POSTN F2 TNC 4 ) , JA i 48 5% J% 48 i 64 77 V6 .
W TRl A, B g ot BT (2D
%5 M % & K. CAFs it ¥ DA 4 ik VEGF \FGF A7 IL-6
kEEMNEME, 4 W IL-1.1L-6. TNF-o. TGF-B.
SDF-1Fu CCL2 % R 1 [ F, Bk 4 FU e 78 & DAfR
40 B b B A A it A, IR A R A % 30 R
EY O EE RN AR

CAFs 1 ¥ LLA| I %¢ % 46 f iy %5 M 16 L, 12 2 CAFs &
R AN & 3 ClR i AN
3.1.2 fr#t&zidkik #Fk,CAFs il B
MEMAREEEZRYTNEES 5,7 @ £ ML
il U AP e By ey ik (1DCAFs IR 3 % & 1 &, £
ERGEEM RZMA W oz F KA NN
MA < 4 4% B B CAFs RE 4% 8 3T TL-6 A
Y STAT3 15 5 & R ofy %A% 40 A Ao o M b 20 FL B9 %
95 W] H R A () 4 i 43 (extracel lular
matrix,ECM) W & B fn oF B IR 2 T % 0% 30 1 M
HE. CAFs - FHEMEZ £ R # B EFZEHH U
BREEZHAEAEEER, YFBHRM KT EH
Ji = A K& ECM Ak 4 B, 32 3 B R 4T 4 40 P T 46 R 3k
FRARRMEGREEEES, A\TIR#HT BEX
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EHRHEEY  (DEEREHE. £ S M MHIE /N
RAE A B CAFs ] 4 B % 40 fft 32 8 A\ TME 5, J&
Ji# & o B9 apCAFs & 5 31 R = 2", SLARJE + 89 CAFs-
S1 T B4 XI5 Treg 4 JL M 52 & 3 & fu AL
XL X RER KT — G R E, BI CAFs 2 7m fF
& RN RE A B T B B LA BT
3.1.3 R#ETII CAFs £ B XM 25 fn k15
MM R EEEZEA (DR LML F,CAFs
SEAHE M ERE FRREEREFHAT, A
T 98 58 L I8 T B T . 9l 4 CAFs 3 T L VE R 5
% Z{R(insulin receptor, IR)/fEH ZH A K F T
1 % f&(insulin-like growth factor 1 receptor,
IGFIDfES#H A AENBE T EHFAEAKE T2
(insulin-like growth factor 2,IGF2), M T {F fE
& % A R % 44 B % EGFR B 4 BL U5 B 47 4 71 (TKD)
PR ()R F M 25 L, CAFs 7] B % 18 1 3k
JE, Bl ANF-kBE SR B T R EE R EEE S X
B, AT (R 2 B A K i B A R, kA, AT 8
VIR W7 JE B9 N 45 B 8 A7 AR 48 BUEY CAFs,
IL-7 &35 B & T A N7 A7 A B CAFs"™, X 1 9 42
WITNHNFET, XERFEDRIE— S HRBR
REA, N T BB 4 M & A KB T A
3.1.4 EHARKERE CAFsEBLRTHERNY
WEBARSERBARNEN ., XFTEHR
WY S H JE7E . CAFs 4 ik o 48 A Bl F (.45 CCL5. 1L-6
Au CXCL10 48 ) 8 3T {8 3t 5% B2 A 27 4% 4% o Big B 3 Bk 1k
¥ v % 40 8 o W88 JR 3 U, 1% # NADPH & & F1 TCA 18
PR SR VR 7 R 40 R A, AN T O K R 40 B 7R 5
BN, VNEERREWASE, TAANEAARE
7 BE A I 418 %, CAFs 7 1R ¥ & 40 J AR AL 3
HomAz HRH
3.2 CAFs &35 4k A

BERELAMIEABEFHRM EZATEE L
WE T S — R TR & 4 % B CAFs B A
e R 2 E F 12 4 & #F R AE A T CAFs B9 370 ¥ 98 1
Fle, el oRAERE S, LKA ERBT £
BT ECM B 3 F2 J, £F 4 AL R, DA TEL uE 0% JB 4 B 35 8K
T A B AR o — L 58 X CAFs 9 % B AL &
LR B 808 E AL ) B — 364

PDAC % i £ B w1 Il B 4F E 40 R 4E Ak, R AE &
T &k a-SMA™, BEAKAE KK RAEH
CAFs i it F [F] 2 R R #t PDAC I ¥ i Fn B %5, R T
RHIM % /72 /N K PDAC = #£ 38 o~ SMA" 40 i, ] 5 B it/
VIR A A E AR R B A A R T 4
Ji, 6 B ] 4, 38 %, A B & 15 a—SMA B CAF's 7] & R
TREE et B, X CAFs & 5B Em H e, &

B, T B AR AP /N R 3 38 $E 1 SHH 38 B ok D 2 R
FHo-SMA Lt SR T FER EREERY . EE
KW RS 4, # 98 &k 1k a—SMA B9 CAFs 5 B i 8 £
K VE R RE L F H AL F . a-SMA 7E CAFs DLSINHY 4
P ML R 3A, o-SMA™ 48 L B AE 98 7T RE P ROt K A
AR, N\TTERMBEERNER., REFHRAN
A8 AL ER DL BR TKKP WL 42 CAFs 1R R A 58, 2143 B T
AN M ST B9 T JE 45 6 TKKP B9 I 2K B 66 {2 3 B A4
KRB D RE R BT, B A A RE
F B B 77 vk X R AT M S AT AR D A L, BT
f F COL I T J& # £/ COLVI. X ¥ BH CAFs 4~ 2 ¢
HEHESBRTERARER, B A AR 6
CAFs LB Hy 4 FHRAE Fu i AR A e 1 F B X F
#,

4 CAFs#EEREETThAIN A

TME 5 B CAFs 5 % ## 9& JE 89 Tl /5 3 =/ K0
CAFs R & E M B & v 8 B X WA M TN 48 4, K
FAEMIGR2RH*EH B AN EEmERY, &
AR R, CAFs £ 7 & AL JL IR B 11 B R &
FEREZNERFENRA AT LR XBER.
CAFs 52 MRt EEX, EMBERTHRERS,
B A, AN 2R & EWIETH 5,
4.1 @ik minE A6 CAFs

WRl BT, 5 1E % Ak AF 4 40 B A B, CAFs 2 £ Ff
BEaw FR, X EBEEeT YR ENER,
il 4w , FAP 72 CAFs 35 W0 X T & & , 4t % FAP B9 R
BRBRARERE . RRE EEAMERLTHEN
BEER B §OR B E R e I H E A, T LA R
RABEMEN e EMNENTE, HRAHIAAL
EEERSY, EHRBEHEFEEHN 1 HERR
W ,FAPE AT R ELHAREER  E2ERD
WEEAMBEN AR FHEH B B ENET
BRI,

42 £ CAFs %

CAFs i & 4% 1% 18 7 — 40 X ¥ B g o & (S &
65 T 4 R e B ) B HE S VE R R R AT AR R, A
et A H AR 5 T B B 7 vk 2 — 2 4 CAFs LR A ##
IERERME FERS. EPDACEHF, 2% 2K
Pz A RAEE (I BEEEARELEED., £
PDACHH/NRER R 2R AN ERKE T HE
KPR MENER, NZMHBEER + 25
H B CAFs B4 28 & 4 K i8R A
4.3 ¥e® CAFs & 9 ibfs 5l ¥

CAFs 4 b ¥F % s f B ¥ Fn £ K B F, LA S HE Y
J& A K I A7 i 48 B B B AT o BRCHGE A IL-6
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ENANADREAENETERCH ZHR, EH
HGF/Met 15 5 1 ¥ A1 1L-6 B9 £ & B H ik fu /N F 24
MBEFRERRE, EEREALAALE, AA
REFTRBKALMET A RS KER A ZREN
BAT, —W I HIERAR KA, L6 A
BhERERAERERATHE . FHHL I
ERBRANTHITINEREZL 2 HA MW,

44 3o CAFs i 4 e misb AR & &

AL & & C(tenascin C, TNC) & — F 20 j 4 &
RES, THEYTARERMEEER. INCHER
AP T-m81C6 £ VI AF I R E e Bk, EEE X
M T A 2 B R T A IR R AR 36 BoR A 3R
&, MMP £ CAFs - S WM E R EH R &E
ZHEA™, EHXEWIOFF,ELHF LT 50 %
MMP 47 &1 7], 1B & & 1124 & 2 308 76 97 BV T I R 3
Bo B AR BT

HXCAFs BT HHRZAER B XN E,
ERRAMKEE, walfrd, 5 BRI A4
A8t ,CAFs % % b JE R & (| 20 FAP) R 7] &6 78 4 B
B EE AT, SR T B AR R T BE TG R 3 ) CAFs BF AR,
B 4 7 M UV RE 5 5 B B4R 2 5 T EL PR R
EEETAMN, REANTTEOLELET M, XXH
T 7 — AR

5 % 18

T4 K ,CAFs P 98 £ M 5 B+ W E E 1
ERH BN, HXE ) ZKIE. CAFs fFH WA+
W EE g, BB TR A o) RE e S A, T
BURE M A EK VR R EBMIETIRI, X
ERFBERIWF BN ERA, S EFHIBT G
HEERE. MRBIER T, CAFs T2 x4 it )& 9
SCE AR VT b B T AL R o AR VR A O R i AR
FRBW N AREE E K, RSN I CAFs JE A 28
MK % $0%8 a W, (R B CAFs -ty A K IH T8
MEEEETWABEERNER. B, £ ®INRHF
RN CAFs & B R B 5 28 f 0 48 B % v An L 7]
#UNHREEER,

RAE B RN A CAFs X {R 2t fiF 78 2t )& T 78 ]
0 B A K, (B R B £ B R 4B R, 4t XY CAF's B9
e T T REABAKRE. & T CAFs A #
HWEX RO RFESTHRIM DR REAL,
DL 5 28 ML B9 A8 B 5 245 R0, B DA 40 46 By g T2
R B B IR A AR AE L 2 8T, LA CAFs 7 78 72 32 1 Y
PEB BT R AT A B R . B 5 4 R AT Y
ZUEF R F AW EOR BRI, CAFs B9 BF 2 %
A TR R 5 g0 M e B 1R R AR BLR 2

KR, FFE—FAM T EREN g F R
TR v & B ) RE, T 6K B A 4T A CAFs TE AL By A
BB U6 T 20, (R R R VR T Y R R

[& % 3 K]

[1] CHEN X, SONG E. Turning foes to friends: targeting cancer-
associated fibroblasts[J]. Nat Rev Drug Discov, 2019, 18(2): 99-115.
DOI:10.1038/s41573-018-0004-1.

[2] SANTI A, KUGERATSKI F G, ZANIVAN S. Cancer associated
fibroblasts: the architects of stroma remodeling[J/OL]. Proteomics,
2018, 18(5/6): €1700167[2020-10-12]. https://www. ncbi. nlm. nih.
gov/pmc/articles/PMC5900985/. DOI:10.1002/pmic.201700167.

[3] ZELTZ C, PRIMAC I, ERUSAPPAN P, et al. Cancer-associated
fibroblasts in desmoplastic tumors: emerging role of integrins
[J/OL]. Semin Cancer Biol, 2020, 62: 166-181[2020-10-12]. https://
www. sciencedirect. com/science/article/pii/ S1044579X19300380.
DOI:10.1016/j.semcancer.2019.08.004.

[4] LI H, COURTOIS E T, SENGUPTA D, et al. Reference component
analysis of single-cell transcriptomes elucidates cellular heterogeneity
in human colorectal tumors [J]. Nat Genet, 2017, 49(5): 708-718. DOI:
10.1038/ng.3818.

[5] KOBAYASHI H, ENOMOTO A, WOODS S L, et al. Cancer-associated
fibroblasts in gastrointestinal cancer[J]. Nat Rev Gastroenterol Hepatol,
2019, 16(5): 282-295. DOI:10.1038/s41575-019-0115-0.

[6] ISHII G, OCHIAI A, NERI S. Phenotypic and functional
heterogeneity of cancer-associated fibroblast within the tumor
microenvironment[J]. Adv Drug Deliv Rev, 2016, 99(Pt B): 186-
196. DOI:10.1016/j.addr.2015.07.007.

[7] LLURI R. The biology and function of fibroblasts in cancer [J]. Nat
Rev Cancer, 2016, 16(9): 582-598. DOI1:10.1038/nrc.2016.73.

[8] PETERSEN O W, NIELSEN H L, GUDJONSSON T, et al.
Epithelial to mesenchymal transition in human breast cancer can
provide a nonmalignant stroma[J]. Am J Pathol, 2003, 162(2): 391-
402. DOI: 10.1016/S0002-9440(10)63834-5.

[9] FUJISAWA M, MOH-MOH-AUNG A, ZENG Z, et al. Ovarian stromal
cells as a source of cancer-associated fibroblasts in human epithelial
ovarian cancer: A histopathological study[J/OL]. PLoS One, 2018, 13
(10): €0205494 [2020-10-12]. https://www. ncbi. nlm. nih. gov/pme/
articles/PMC6179287/. DOI:10.1371/journal.pone.0205494.

[10] YIN C, EVASON K J, ASAHINA K, et al. Hepatic stellate cells in
liver development, regeneration, and cancer[J]. J Clin Invest, 2013,
123(5): 1902-1910. DOI:10.1172/jci66369.

[11] RHIM A D, MIREK E T, AIELLO N M, et al. EMT and
dissemination precede pancreatic tumor formation[J]. Cell, 2012,
148(1/2): 349-361. DOI:10.1016/j.cell.2011.11.025.

[12] WESTCOTT J M, PRECHTL A M, MAINE E A, et al. An
epigenetically distinct breast cancer cell subpopulation promotes
collective invasion[J]. J Clin Invest, 2015, 125(5): 1927-1943. DOI:
10.1172/jci77767.

[13] QUANTE M, TU S P, TOMITA H, et al. Bone marrow-derived
myofibroblasts contribute to the mesenchymal stem cell niche and
promote tumor growth[J]. Cancer Cell, 2011, 19(2): 257-272. DOLI:
10.1016/j.ccr.2011.01.020.

[14] JUNG Y, KIM J K, SHIOZAWAY, et al. Recruitment of mesenchymal



b

=IAE, S5 . e AEAH 5% BT 2 A0 I A 57 O Ak % AR SR i T R A B

+ 1325 -

stem cells into prostate tumours promotes metastasis[J/OL]. Nat
Commun, 2013, 4: 1795[2020-10-12] https://www. ncbi. nlm.nih.gov/
pmc/articles/PMC3649763/. DOI:10.1038/ncomms2766.

[15] ZHU Q, ZHANG X, ZHANG L, et al. The IL-6-STAT3 axis mediates
a reciprocal crosstalk between cancer-derived mesenchymal stem cells
and neutrophils to synergistically prompt gastric cancer progression[J/
OL]. Cell Death Dis, 2014, 5:e1295 [2020-10-12]. https://www.ncbi.
nlm.nih.gov/pme/articles/PMC4611735/. DOI:10.1038/cddis.2014.263.

[16] WEBER C E, KOTHARI A N, WAI P, et al. Osteopontin mediates
an MZF1-TGF-B1-dependent transformation of mesenchymal stem
cells into cancer-associated fibroblasts in breast cancer[J]. Oncogene,
2015, 34(37): 4821-4833. DOI:10.1038/0nc.2014.410.

[17] RAZ Y, COHEN N, SHANI O, et al. Bone marrow-derived
fibroblasts are a functionally distinct stromal cell population in
breast cancer[J]. J Exp Med, 2018, 215(12): 3075-3093. DOI:
10.1084/jem.20180818.

[18] MADAR S, GOLDSTEIN I, ROTTER V. 'Cancer associated
fibroblasts'--more than meets the eye[J]. Trends Mol Med, 2013, 19
(8): 447-453. DOI:10.1016/j.molmed.2013.05.004.

[19] JOTZU C, ALT E, WELTE G, et al. Adipose tissue derived stem
cells differentiate into carcinoma-associated fibroblast-like cells
under the influence of tumor derived factors[J]. Cell Oncol (Dordr),
2011, 34(1): 55-67. DOI:10.1007/s13402-011-0012-1.

[20] OHLUND D, HANDLY-SANTANA A, BIFFI G, et al. Distinct
populations of inflammatory fibroblasts and myofibroblasts in
pancreatic cancer[J]. J Exp Med, 2017, 214(3): 579-596. DOI:
10.1084/jem.20162024.

[21] ELYADA E, BOLISETTY M, LAISE P, et al. Cross-species single-
cell analysis of pancreatic ductal adenocarcinoma reveals antigen-
presenting cancer-associated fibroblasts[J]. Cancer Discov, 2019, 9
(8): 1102-1123.DOI:10.1158/2159-8290.Cd-19-0094.

[22] COSTA A, KIEFFER Y, SCHOLER-DAHIREL A, et al. Fibroblast
heterogeneity and immunosuppressive environment in human
breast cancer[J]. Cancer Cell, 2018, 33(3): 463-479. DOI:10.1016/].
ccell.2018.01.011.

[23] BARTOSCHEK M, OSKOLKOV N, BOCCI M, et al. Spatially and
functionally distinct subclasses of breast cancer-associated
fibroblasts revealed by single cell RNA sequencing[J/OL]. Nat
Commun, 2018, 9(1): 5150 [2020-10-12].https://www.ncbi.nlm.nih.
gov/pmc/articles/PMC6279758/.DOI1:10.1038/s41467-018-07582-3.

[24] COSTEA D E, HILLS A, OSMAN A H, et al. Identification of two
distinct carcinoma-associated fibroblast subtypes with differential
tumor-promoting abilities in oral squamous cell carcinoma[J].
Cancer Res, 2013, 73(13): 3888-3901. DOI: 10.1158/0008-5472.
Can-12-4150.

[25] PATEL A K, VIPPARTHI K, THATIKONDA V, et al. A subtype of
cancer-associated fibroblasts with lower expression of alpha-
smooth muscle actin suppresses stemness through BMP4 in oral
carcinoma[J/OL]. Oncogenesis, 2018, 7(10): 78 [2020-10-12]. https:
//www.ncbi.nlm.nih. gov/pmc/articles/PMC6172238/. DOI:10.1038/
541389-018-0087-x.

[26] YIN Z, DONG C, JIANG K, et al. Heterogeneity of cancer-
associated fibroblasts and roles in the progression, prognosis, and
therapy of hepatocellular carcinoma[J/OL]. J Hematol Oncol, 2019,
12(1): 101[2020-10-12]. https://www.ncbi.nlm.nih. gov/pmc/articles/

PMC6757399/. DOI:10.1186/s13045-019-0782-x.

[27] LI Y, WANG R, XIONG S8, et al. Cancer-associated fibroblasts
promote the stemness of CD24(+) liver cells via paracrine signaling
[J]. J Mol Med (Berl), 2019, 97(2): 243-255.DOI:10.1007/s00109-
018-1731-9.

[28] LAU E Y, LO J, CHENG B'Y, et al. Cancer-associated fibroblasts
regulate tumor-initiating cell plasticity in hepatocellular carcinoma
through c-Met/FRAI/HEY1 signaling[J]. Cell Rep, 2016, 15(6):
1175-1189. DOI:10.1016/j.celrep.2016.04.019.

[29] LI T, YANG Y, HUA X, et al. Hepatocellular carcinoma-associated
fibroblasts trigger NK cell dysfunction via PGE2 and IDO[J]. Cancer
Lett, 2012, 318(2): 154-161.DOI:10.1016/j.canlet.2011.12.020.

[30] SATOYOSHI R, KURIYAMA S, AIBA N, et al. Asporin activates
coordinated invasion of scirrhous gastric cancer and cancer-
associated fibroblasts[J]. Oncogene, 2015, 34(5): 650-660. DOI:
10.1038/0nc.2013.584.

[31] MARIS P, BLOMME A, PALACIOS A P, et al. Asporin is a
fibroblast-derived TGF- Bl inhibitor and a tumor suppressor
associated with good prognosis in breast cancer[J/OL]. PLoS Med,
2015, 12(9): €1001871[2020-10-12]. https://www.ncbi.nlm.nih. gov/
pmc/articles/PMC4556693/. DOI:10.1371/journal.pmed.1001871.

[32] KILVAER T K, RAKAEE M, HELLEVIK T, et al. Differential
prognostic impact of platelet-derived growth factor receptor
expression in NSCLC[J/OL]. Sci Rep, 2019, 9(1): 10163 [2020-10-
12].https://www. ncbi.nlm.nih.gov/pmc/articles/PMC6629689/.DOI:
10.1038/s41598-019-46510-3.

[33] HOSHINO A, ISHII G, ITO T, et al. Podoplanin-positive fibroblasts
enhance lung adenocarcinoma tumor formation: podoplanin in
fibroblast functions for tumor progression [J]. Cancer Res, 2011, 71
(14): 4769-4779.DOI:10.1158/0008-5472.Can-10-3228.

[34] YURUGI Y, WAKAHARA M, MATSUOKA Y, et al. Podoplanin
expression in cancer-associated fibroblasts predicts poor prognosis
in patients with squamous cell carcinoma of thelung[J]. Anticancer
Res, 2017, 37(1): 207-213. DOI:10.21873/anticanres.11308.

[35] GUI Y, AGUILAR-MAHECHA A, KRZEMIEN U, et al. Metastatic
breast carcinoma-associated fibroblasts have enhanced protumorigenic
properties related to increased IGF2 expression[J]. Clin Cancer Res,
2019, 25(23):7229-7242 DOI:10.1158/1078-0432.Ccr-19-1268.

[36] QURESHI-BAIG K, ULLMANN P, HAAN S, et al. Tumor-
initiating cells: a criTICal review of isolation approaches and new
challenges in targeting strategies[J/OL]. Mol Cancer, 2017, 16(1):
40[2020-10-12]. https://www. ncbi. nlm. nih. gov/pmc/articles/PMC
5314476/. DOI:10.1186/512943-017-0602-2.

[37] ALEXANDER J, CUKIERMAN E. Stromal dynamic reciprocity in
cancer: intricacies of fibroblastic-ECM interactions[J/OL]. Curr Opin
Cell Biol, 2016, 42:80-93[2020-10-12].https://www. ncbi. nlm.nih.gov/
pmc/articles/PMC5064819/.DOI:10.1016/j.ceb.2016.05.002.

[38] CIRRI P, CHIARUGI P. Cancer-associated-fibroblasts and tumour
cells: a diabolic liaison driving cancer progression [J]. Cancer
Metastasis Rev, 2012, 31(1/2): 195-208. DOI:10.1007/s10555-011-
9340-x.

[39] GASCARD P, TLSTY T D. Carcinoma-associated fibroblasts:
orchestrating the composition of malignancy[J]. Genes Dev, 2016,
30(9): 1002-1019. DOI:10.1101/gad.279737.116.

[40] LABERNADIE A, KATO T, BRUGUES A, et al. A mechanically



+ 1326 -

P E R AE IR T A &, 2020, 27(12)

active  heterotypic  E-cadherin/N-cadherin  adhesion enables
fibroblasts to drive cancer cell invasion[J]. Nat Cell Biol, 2017, 19
(3): 224-237.DOI:10.1038/ncb3478.

[41] CHENG Y, LI H, DENG Y, et al. Cancer-associated fibroblasts
induce PD-L1" neutrophils through the IL6-STAT3 pathway that
foster immune suppression in hepatocellular carcinoma[J/OL]. Cell
Death Dis, 2018, 9(4): 422 [2020-10-12]. https://www. ncbi. nlm.
nih. gov/pmc/articles/PMC5859264/. DOI: 10.1038/s41419-018-
0458-4.

[42] DENG Y, CHENG J, FU B, et al. Hepatic carcinoma-associated
fibroblasts enhance immune suppression by facilitating the
generation of myeloid-derived suppressor cells[J]. Oncogene, 2017,
36(8): 1090-1101.DOI:10.1038/0nc.2016.273.

[43] KAUR A, ECKER B L, DOUGLASS S M, et al. Remodeling of the
collagen matrix in aging skin promotes melanoma metastasis and
affects immune cell motility[J]. Cancer Discov, 2019, 9(1): 64-81.
DOI:10.1158/2159-8290.Cd-18-0193.

[44] COHEN N, SHANI O, RAZ Y, et al. Fibroblasts drive an
immunosuppressive and growth-promoting microenvironment in
breast cancer via secretion of chitinase 3-like 1[J]. Oncogene, 2017,
36(31): 4457-4468.DO1:10.1038/0nc.2017.65.

[45] AUGSTEN M, SJOBERG E, FRINGS O, et al. Cancer-associated
fibroblasts expressing CXCL14 rely upon NOSI-derived nitric
oxide signaling for their tumor-supporting properties[J]. Cancer
Res, 2014, 74(11): 2999-3010. DOI: 10.1158/0008-5472. Can-13-
2740.

[46] EREZ N, TRUITT M, OLSON P, et al. Cancer-associated fibroblasts
are activated in incipient neoplasia to orchestrate tumor-promoting
inflammation in an NF-kappaB-dependent manner [J]. Cancer Cell,
2010, 17(2): 135-147. DOI:10.1016/j.ccr.2009.12.041.

[47] YOSHIDA G J. Regulation of heterogeneous cancer-associated
fibroblasts: the molecular pathology of activated signaling pathways
[J/JOL]. J Exp Clin Cancer Res, 2020, 39(1): 112 [2020-10-12].
https://www. ncbi. nlm. nih. gov/pmc/articles/PMC7296768/. DOI:
10.1186/s13046-020-01611-0.

[48] VAQUERO J, LOBE C, TAHRAOUI S, et al. The IGF2/IR/IGFIR
pathway in tumor cells and myofibroblasts mediates resistance to
EGFR inhibition in cholangiocarcinoma[J]. Clin Cancer Res, 2018,
24(17): 4282-4296. DOI:10.1158/1078-0432.Ccr-17-3725.

[49] IRELAND L, SANTOS A, AHMED M 8§, et al. Chemoresistance in
pancreatic cancer is driven by stroma-derived insulin-like growth
factors[J]. Cancer Res, 2016, 76(23): 6851-6863. DOI: 10.1158/
0008-5472.Can-16-1201.

[50] LOTTI F, JARRAR A M, PAI R K, et al. Chemotherapy activates
cancer-associated fibroblasts to maintain colorectal cancer-initiating
cells by IL-17A[J]. J Exp Med, 2013, 210(13): 2851-2872. DOI:
10.1084/jem.20131195.

[51] CURTIS M, KENNY H A, ASHCROFT B, et al. Fibroblasts
mobilize tumor cell glycogen to promote proliferation and
metastasis[J/OL]. Cell Metab, 2019, 29(1): 141-155, 149 [2020-10-
12]. https://www. ncbi. nlm. nih. gov/pmc/articles/PMC6326875/.
DOI:10.1016/j.cmet.2018.08.007.

[52] OZDEMIR B C, PENTCHEVA-HOANG T, CARSTENS J L, et al.
Depletion of carcinoma-associated fibroblasts and fibrosis induces

immunosuppression and accelerates pancreas cancer with reduced

survival[J]. Cancer Cell, 2014, 25(6): 719-734. DOI: 10.1016/j.
ccr.2014.04.005.

[53] RHIM A D, OBERSTEIN P E, THOMAS D H, et al. Stromal
elements act to restrain, rather than support, pancreatic ductal
adenocarcinoma[J]. Cancer Cell, 2014, 25(6): 735-747. DOIL:
10.1016/j.ccr.2014.04.021.

[54] MIYAI Y, ESAKI N, TAKAHASHI M, et al. Cancer-associated
fibroblasts that restrain cancer progression: Hypotheses and
perspectives[J]. Cancer Sci, 2020, 111(4): 1047-1057. DOI:10.1111/
cas.14346.

[55] FEIG C, GOPINATHAN A, NEESSE A, et al. The pancreas cancer
microenvironment[J]. Clin Cancer Res, 2012, 18(16): 4266-4276.
DOI:10.1158/1078-0432.Ccr-11-3114.

[56] PALLANGYO C K, ZIEGLER P K, GRETEN F R. IKKp acts as a
tumor suppressor in cancer-associated fibroblasts during intestinal
tumorigenesis[J]. J Exp Med, 2015, 212(13): 2253-2266. DOI:
10.1084/jem.20150576.

[57] HARPER J, SAINSON R C. Regulation of the anti-tumour immune
response by cancer-associated fibroblasts[J/OL]. Semin Cancer Biol,
2014, 25:69-77 [2020-10-12]. https://www.sciencedirect.com/science/
article/pii/S1044579X14000029. DOI: 10.1016/j. semcancer. 2013.
12.005.

[S8]LIU L, LIU L, YAO H H, et al. Stromal myofibroblasts are associated
with poor prognosis in solid cancers: a meta-analysis of published
studies[J/OL]. PLoS One, 2016, 11(7): €0159947[2020-10-12]. https:
//www.ncbi.nlm.nih. gov/pmc/articles/PMC4961396/. DOI:10.1371/
journal.pone.0159947.

[59] BONOLLO F, THALMANN G N, KRUITHOF-DE JULIO M,
et al. The role of cancer-associated fibroblasts in prostate cancer
tumorigenesis[J/OL]. Cancers (Basel), 2020, 12(7): 1887 [2020-10-
12]. https://www. ncbi. nlm. nih. gov/pmc/articles/PMC32668821/ .
DOI:10.3390/cancers12071887.

[60] NORTON J, FOSTER D, CHINTA M, et al. Pancreatic cancer
associated fibroblasts (CAF): under-explored target for pancreatic
cancer treatment [J/OL]. Cancers (Basel), 2020, 12(5): 1347 [2020-
10-12]. https://www. ncbi. nlm. nih. gov/pmc/articles/PMC32466266/.
DOI:10.3390/cancers12051347.

[61] UNGER C, KRAMER N, UNTERLEUTHNER D, et al. Stromal-
derived IGF2 promotes colon cancer progression via paracrine and
autocrine mechanisms[J]. Oncogene, 2017, 36(38): 5341-5355.DOL:
10.1038/0nc.2017.116.

[62] ROSWALL P, BOCCI M, BARTOSCHEK M, et al. Microenviron-
mental control of breast cancer subtype elicited through paracrine
platelet-derived growth factor-CC signaling[J]. Nat Med, 2018, 24(4):
463-473.DOI:10.1038/nm.4494.

[63] LAPLAGNE C, DOMAGALA M, LE NAOUR A, et al. Latest
advances in targeting the tumor microenvironment for tumor
suppression[J/OL]. Int J Mol Sci, 2019, 20(19): 4719 [2020-10-12].
https://www. ncbi. nlm. nih. gov/pmc/articles/PMC6801830/. DOI:
10.3390/ijms20194719.

[64] FITZGERALD A A, WEINER L M. The role of fibroblast
activation protein in health and malignancy[J]. Cancer Metastasis
Rev, 2020, 39(3):783-803. DOI:10.1007/510555-020-09909-3.

[65] VASIEVICH E A, HUANG L. The suppressive tumor microenviron-

ment: a challenge in cancer immunotherapy[J]. Mol Pharm, 2011, 8(3):



b

=IAE, S5 . e AEAH 5% BT 2 A0 I A 57 O Ak % AR SR i T R A B

+ 1327 -

635-641. DOI:10.1021/mp1004228.

[66] SHERMAN M H, YU R T, ENGLE D D, et al. Vitamin D receptor-
mediated stromal reprogramming suppresses pancreatitis and
enhances pancreatic cancer therapy[J]. Cell, 2014, 159(1): 80-93.
DOI:10.1016/j.cell.2014.08.007.

[67] ROLFO C, VAN DER STEEN N, PAUWELS P, et al. Onartuzumab
in lung cancer: the fall of Icarus?[J]. Expert Rev Anticancer Ther,
2015, 15(5): 487-489.DOI:10.1586/14737140.2015.1031219.

[68] DIDKGRAAF E M, SANTEGOETS S J, REYNERS A K, et al. A
phase [ trial combining carboplatin/doxorubicin with tocilizumab,
an anti-IL-6R monoclonal antibody, and interferon-alpha2b in

patients with recurrent epithelial ovarian cancer[J]. Ann Oncol,

2015, 26(10): 2141-2149.DO1:10.1093/annonc/mdv309.

[69] LIU T, ZHOU L, LI D, et al. Cancer-associated fibroblasts build
and secure the tumor microenvironment[J/OL]. Front Cell Dev
Biol, 2019, 7: 60 [2020-10-12].https://www.ncbi.nlm.nih. gov/pmc/
articles/PMC6492564/. DOI:10.3389/fcell.2019.00060.

[70] BONNANS C, CHOU J, WERB Z. Remodelling the extracellular
matrix in development and disease[J]. Nat Rev Mol Cell Biol, 2014,
15(12): 786-801. DOI:10.1038/nrm3904.

[KFmBEHA]  2020-10-15
[(A3c4mig] &

(&= HEAT 2020-12-01



